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Introduction {#sec001}
============

There has been a dramatic transition from infectious diseases to non-communicable diseases (NCDs) burden in low- and middle-income countries (LMICs) \[[@pone.0237333.ref001],[@pone.0237333.ref002]\]. NCDs are wrongly perceived as affecting only the rich, yet a significantly large proportion of death in LMICs are from NCDs \[[@pone.0237333.ref002]--[@pone.0237333.ref004]\]. In Ethiopia, NCDs were the leading cause of mortality in 2015 after adjusted for differences in the age distribution of the population \[[@pone.0237333.ref005]\]. Ethiopia adopted the World Health Organization (WHO) global action plan on NCDs (2013--2020), which includes increasing public awareness and reducing the incidence of behavioral risk factors \[[@pone.0237333.ref006],[@pone.0237333.ref007]\].

Hypertension is a major risk factor of cardiovascular diseases, which are the leading NCDs. It contributes to morbidity and mortality due to coronary heart disease, stroke, heart failure, peripheral vascular disease, renal impairment, retinal hemorrhages, and papilledema \[[@pone.0237333.ref008],[@pone.0237333.ref009]\]. Nearly half of stroke and ischemic heart disease worldwide are attributable to high blood pressure \[[@pone.0237333.ref010]\]. WHO reports indicate that high blood pressure is one of the leading risk factors for mortality in the world \[[@pone.0237333.ref011],[@pone.0237333.ref012]\]. LMICs are increasingly facing the double burden of diseases. In addition to the high prevalence of communicable diseases in LMICs, there is an increase in the risk of NCDs including high blood pressure \[[@pone.0237333.ref011]\]. From 1990 to 2015, the associated annual death due to high blood pressure (systolic blood pressure \>140mmHg) increased from 97.9 to 106.3 per 100,000. Based on this projection, 14% of the total global deaths were attributed due to high blood pressure. In addition, there were 143 million Disability-adjusted life years due to high blood pressure \[[@pone.0237333.ref013]\].

One of the targets of Sustainable Development Goals was to reduce the prevalence of raised blood pressure by 25% in 2030 \[[@pone.0237333.ref014]\]. If not tackled timely through appropriate interventions, the NCDs will continue claiming the lives of many adults in the productive age group. In 2014, the Ethiopian government developed a strategic action plan for the prevention and control of NCDs. It indicates that the use of standardized screening, ensuring the availability and affordability of essential medicines and technologies for the prevention, diagnosis and treatment of NCD including hypertension are part of the strategies for the prevention and control of NCDs \[[@pone.0237333.ref007]\]. A study conducted in Ethiopia and a report by WHO showed that raised blood pressure is more common compared to other biological and behavioral risk factors for NCDs \[[@pone.0237333.ref004]\]. The study aimed to determine the prevalence and factors associated with hypertension among adults residing in Arba Minch health and demographic surveillance site (HDSS), which was collected based on the WHO STEP wise approach to Surveillance (STEPS).

Materials and methods {#sec002}
=====================

Study setting and area {#sec003}
----------------------

The study was conducted in Arba Minch HDSS, which is located in Arba Minch Zuria District, Southern Ethiopia. Arba Minch Town, administrative town of the district is located 505 Km south from the capital city, Addis Ababa. In 2017, the total population of the Arba Minch Zuria district was 195,858 (50.01% female) \[[@pone.0237333.ref015]\]. Arba Minch HDSS includes nine Kebeles (the lowest administrative unit of Ethiopia)of Arba Minch Zuria District. Eight of the nine HDSS Kebeles are rural and the remaining one is semi-urban. According to a 2016 Arba Minch HDSS report, the total population of the site was 74,029 adults age 25--64 years.

Study design, period and population {#sec004}
-----------------------------------

A community-based cross-sectional study was conducted from April to June 2017. The source population was adult residents (25--64 years) of Arba Minch HDSS. According to the 2016 HDSS report, 24,800 (nearly half of them were women) were eligible and included as source population. Pregnant mothers and women who have a history of recent delivery up to 8 weeks were excluded from the study.

Sample size determination and procedures {#sec005}
----------------------------------------

According to the WHO STEPS guideline for sample size calculation, the study population was categorized into eight groups based on the four age and sex categories \[[@pone.0237333.ref009]\]. The prevalence of hypertension in Durame Town, southern Ethiopia was considered for the calculation of the sample size, which was 22.4% \[[@pone.0237333.ref016]\]. Using a single population proportion formula and design effect of 1.5, the estimated sample size for a group was 396. With the consideration of a 5% non-response rate and eight groups to have an adequate level of precision for each age-sex estimate, the final sample size was 3,368. The sampling frame was extracted from Arba Minch HDSS database using sex, date of birth, individual and household identifications as extraction variables. Based on sex and age category (25--34 years, 35--44 years, 45--54 years and 55--64 years), the sampling frame was stratified into eight groups, and a random sampling technique was implemented using STATA version 14 to select the study participants from each stratum. From each stratum, 425 study participants were selected. The HDSS identification of the selected individuals (name and individual HDSS id) with their respective household (household HDSS id) were used to identify the study participants and their location.

Data collection instruments {#sec006}
---------------------------

Data collection instruments were adapted from WHO STEPS instruments. From three levels of the STEPS approach, only step one and two were applied for this study. The first step is the questionnaire-based, which was designed to obtain core data on socio-demographic information, tobacco and alcohol use, fruit & vegetable intake and physical activity. Physical activity was measured using the Global Physical Activity questionnaire. Blood pressure, waist and hip circumference, height and weight measurement are included from the second step and measured according to the WHO STEPS approach \[[@pone.0237333.ref009],[@pone.0237333.ref017]\]. Blood pressure measurements were taken using an Omron T9P digital automatic blood pressure monitor. Bodyweight was measured using a SECA digital scale and height was measured using a stadiometer. Waist circumference and hip circumference were measured using flexible constant tension tape. In addition to WHO STEPS, variables for the frequency of meat consumption, coffee and tea consumption, Khat chewing, wealth index and mental stress were included in the questionnaire. Household wealth index questions were obtained from the Ethiopia Demographic and Health Survey, which was based on the household ownership of the productive asset and household characteristics \[[@pone.0237333.ref018]\]. Mental stress was examined using the self-reporting questionnaire (SRQ-20), which is used for easily acquired mental health symptoms of the participants \[[@pone.0237333.ref019]\].

Data collection process {#sec007}
-----------------------

Training was given for three days on data collection material and measurement procedures for 20 data collectors and four supervisors. The training was given on the interview technique, the content of the questionnaire and measurement techniques. The WHO STEPS approach was used to collect the data. Interviews and measurements took place in the respondents' dwelling. Three blood pressure readings were taken on the left upper arm with the participant in a seated position following at least 5 to 10 minutes of rest. The participants took rest for three minutes between the readings. Bodyweight (to the nearest 0.5 kg) was taken with the participant on bare feet and with light clothing using SECA digital scale (model number 877). Height (to the nearest 1 cm) was measured using a stadiometer with participants wearing no shoes and without headwear. Waist circumference measured at the midpoint between the palpable rib and the iliac crest. For measuring the hip circumference, the greatest posterior protuberance of the buttocks with a constant tension tape was used while the subject stands with arms at the sides, feet positioned close together, and weight evenly distributed across the feet \[[@pone.0237333.ref009]\].

Data quality control {#sec008}
--------------------

Experienced data collectors and supervisors of Arba Minch HDSS have collected the data. The training was given for three days on data collection material and measurement procedures. The pre-test was conducted on 2% of the sample size and the result was used to modify the questionnaire. Supervisors checked the completeness and consistency of the collected data daily. Standardized measuring instruments were used for physical measurements. To increase the response rate, the data collectors were repeatedly visited (at least three times) those participants who were not present at the house during data collection time.

Variables {#sec009}
---------

The independent variables include socio-demographic status, anthropometric measurements, physical activity level, intake of meat, vegetable, fruit, coffee, tea and alcohol, and tobacco use. Socio-demographic variables included sex, age, residency, religion, ethnicity, marital status, educational level and wealth status. Wealth status was generated by computing wealth index using a principal component factor analysis based on the household ownership of the productive asset and household characteristics. The computed value then grouped in to five quantiles \[[@pone.0237333.ref018]\]. The anthropometric index includes body mass index (BMI) and Waist-to-hip ratio (WHR). BMI was generated by computing weight in kilograms per height in meters squared (kg/m^2^) and categorized in to underweight (\<18.5kg/m^2^), normal (18.5--24.9kg/m^2^) and overweight (≥25kg/m^2^). Waist-to-hip ratio (WHR) was calculated by dividing waist circumference (cm) to hip circumference (cm) and grouped in to normal for those with WHR below 1.00 for men and 0.85 for women \[[@pone.0237333.ref009]\]. Physical activity levels with average metabolic equivalents-minutes per week \< 600, 600--3000 and \>3000 were grouped in to low, moderate and high, respectively \[[@pone.0237333.ref009],[@pone.0237333.ref017]\]. Based on the self-reporting questionnaire (SRQ-20), mental stress was categorized in to three (mild, moderate, and severe) \[[@pone.0237333.ref019]\]. Meat consumption was assessed by asking the frequency of the different types of meat consumptions and grouped staring from day to year. The consumption of fruits and vegetables were assessed by asking the serving size of the consumption per day within a week. Khat chewing, and coffee and tea consumption were assessed by asking their use. Heavy alcohol consumption was defined as the consumption of 6 or more drinks on a single occasion at least a month \[[@pone.0237333.ref020]\]. The current tobacco consumption was defined as the current use of smoked and/or smokeless tobacco. The mean of all three blood pressure readings was used to determine systolic and diastolic blood pressures. The independent variable, hypertension, was defined as an average systolic blood pressure of 140 mmHg or higher and/or average diastolic blood pressure of 90mmHg or higher and/or a participant taking anti-hypertension medication within the preceding two weeks \[[@pone.0237333.ref009],[@pone.0237333.ref021]\].

Ethical statement {#sec010}
-----------------

Ethical approval was obtained from the Institutional Review Board of Arba Minch University. A formal letter was submitted to the concerned bodies to get permission to conduct the research in the settings. Verbal informed consent was obtained from study participants before the interview and physical measurements. The privacy of the study participants was maintained by interviewing the participants alone. Those identified as having high blood pressure were referred to the nearby health facilities for further diagnosis and treatment.

Data processing and analysis {#sec011}
----------------------------

EPI-data version 3.1 statistical software was used for data entry and the data were exported to STATA version 14 for data management and analysis. To assess the presence of an association between dependent and independent variables, bivariate analysis was done and variables with p-value less than 0.25 were entered into a multiple logistic regression model to identify the independent predictors of hypertension. To assess the presence of an association between dependent and independent variables, a p-value of less than 0.05 was considered. For the assessment of multicollinearity, variable inflation factors were used and the maximum value was 1.45. Model fitness was checked using Hosmer and Leme show goodness of fit tests and it was 5.95 (P = 0.653).

Results {#sec012}
=======

Socio-demographic characteristics of the study population {#sec013}
---------------------------------------------------------

Totally 3,346 adults were enrolled in the study, with a response rate of 99.35%. Half of the participants were female (49.97%). The mean (SD) age of the participants was 44.59 (11.17) years with 44.80 (11.07) and 44.38 (11.27) years for men and women, respectively. Most of the study participants were married (87.90%), from Gamo ethnic group (81.08%), and no formal education (69.75%) ([Table 1](#pone.0237333.t001){ref-type="table"}).

10.1371/journal.pone.0237333.t001

###### Socio-demographic characteristics of the study participants by hypertension.

![](pone.0237333.t001){#pone.0237333.t001g}

  Variables            Categories       Hypertension                 
  -------------------- ---------------- -------------- ------------- --------------
  Sex                  Male             1375(82.14)    299(17.86)    1674(50.03)
  Female               1338(80.02)      334(19.98)     1672(49.97)   
  Age group            25--34           678(84.33)     126(15.67)    804(24.03)
  35--44               721(83.55)       142(16.45)     863(25.79)    
  45--54               688(81.42)       157(18.58)     845(25.25)    
  55--64               626(75.06)       208(24.94)     834(24.93)    
  Residency            Rural            2,311(82.51)   490(17.49)    2,801(83.71)
  Urban                402(73.76)       143(26.24)     545(16.29)    
  Ethnicity            Gamo             2214(81.61)    499(18.39)    2713(81.08)
  Zeyse                236(81.38)       54(18.62)      290(8.67)     
  Other                263(76.68)       80(23.32)      343(10.25)    
  Religion             Protestant       1704(80.99)    400(19.01)    2104(62.88)
  Orthodox             860(81.59)       194(18.41)     1054(31.50)   
  Other                149(79.26)       39(20.74)      188(5.62)     
  Marital status       Unmarried        281(69.38)     124(30.62)    405(12.10)
  Married              2432(82.69)      509(17.31)     2941(87.90)   
  Educational status   No formal        1920(82.26)    414(17.74)    2334(69.75)
  Primary school       608(79.17)       160(20.83)     768(22.95)    
  Secondary & above    185(75.82)       59(24.18)      244(7.29)     
  Wealth Index         1^st^ quantile   599(89.40)     71(10.60)     670(20.02)
  2^nd^ quantile       579(86.29)       92(13.71)      671(20.05)    
  3^rd^quantile        548(82.16)       119(17.84)     667(19.93)    
  4^th^ quantile       501(74.89)       168(25.11)     669(19.99)    
  5^th^ quantile       486(72.65)       183(27.35)     669(19.99)    

More than one out of ten were underweight (12.52%) and overweight (10.79%). A large proportion of the study participants had central obesity (41.63%) based on WHR. Nearly 2% (66) of the study participants chew khat and one out of five (20.23%) use tobacco. Nearly 10% (329) of the study participants never consumed meat for a year ([Table 2](#pone.0237333.t002){ref-type="table"}).

10.1371/journal.pone.0237333.t002

###### Physical measurements and behavioral characteristics of the study participants by hypertension.

![](pone.0237333.t002){#pone.0237333.t002g}

  Variables                       Categories            Hypertension   Total         
  ------------------------------- --------------------- -------------- ------------- -------------
  BMI                             Underweight           324(77.33)     95(22.67)     419(12.52)
  Normal                          2141(83.44)           425(16.56)     2566(76.69)   
  Overweight                      248(68.70)            113(31.30)     361(10.79)    
  WHR                             Normal                1611(82.49)    342(17.51)    1953(58.37)
  High                            1102(79.11)           291(20.89)     1393(41.63)   
  Physical activity level         Low                   621(78.51)     170(21.49)    791(23.64)
  Moderate                        326(80.49)            79(19.51)      405(12.10)    
  High                            1766(82.14)           384(17.86)     2150(64.26)   
  Mental stress level             Mild                  1812(81.66)    407(18.34)    2219(66.32)
  Moderate                        801(80.50)            194(19.50)     995(29.74)    
  Sever                           100(75.76)            32(24.24)      132(3.95)     
  Fruit & vegetable consumption   More than 5 serving   1732(83.51)    342(16.49)    2074(61.98)
  Less than 5 serving             981(77.12)            291(22.88)     1272(38.02)   
  Frequency of meat consumption   1--4 times per week   100(78.13)     28(21.88)     128(3.83)
  1--3 times per month            357(78.46)            98(21.54)      455(13.60)    
  1--4 time per year              2014(82.74)           420(17.26)     2434(72.74)   
  Never                           242(73.56)            87(26.44)      329(9.83)     
  Coffee and tea consumption      Coffee only           232(78.64)     63(21.36)     295(8.82)
  Coffee & leaf tea               2071(82.02)           454(17.98)     2525(75.46)   
  Coffee & coffee leaf            113(83.09)            23(16.91)      136(4.06)     
  None                            297(76.15)            93(23.85)      390(11.66)    
  Current Tobacco consumption     No                    2167(81.19)    502(18.81)    2669(79.77)
  Yes                             546(80.65)            131(19.35)     677(20.23)    
  Heavy alcohol consumption       No                    2402(81.09)    560(18.91)    2962(88.52)
  Yes                             311(80.99)            73(19.01)      384(11.48)    
  Khat chewing                    Yes                   35(53.03)      31(46.97)     66(1.97)
  No                              2678(81.65)           602(18.35)     3280(98.03)   

BMI: Body mass index; WHR: Waist-to-hip ratio.

Prevalence of hypertension {#sec014}
--------------------------

The prevalence of high blood pressure among study participants based on systolic blood pressure above 140mmHg and diastolic blood pressure above 90mmHg were 14.05% (95%CI: 12.91--15.27) and 12.43% (95%CI: 11.35--13.59), respectively. In general, those who had increased blood pressure (above 140mmHg systolic and/or 90mmHg diastolic blood pressure) was 16.86% (95%CI: 15.62--18.16). In addition, 4.03% (135) reported using anti-hypertensive medications during the data collection period. Out of those who use anti-hypertensive medications, 51.11% (69) had normal blood pressure on measurement. The overall prevalence of hypertension among participants was 18.92% (95%CI: 17.63--20.28). Among male and female participants, the prevalence of hypertension was 17.86% (95%CI: 16.10--19.77) and 19.98% (95%CI: 18.13--21.96), respectively.

The mean (SD) systolic and diastolic blood pressure were 122.39 (19.29) and 76.27(11.40) mmHg, respectively. The mean (SD) systolic blood pressure for men and women were 122.33 (17.72) and 122.44 (20.75) mmHg, respectively. For diastolic blood pressure, the mean (SD) for men and women were 76.30(11.78) and 76.24(11.01) mmHg, respectively. There was no significant difference between mean systolic (*P* = 0.859) and diastolic (*P* = 0.877) blood pressure among men and women.

Factors associated with hypertension {#sec015}
------------------------------------

Based on multiple logistic regression analysis, the likelihood of hypertension increased among the older age groups, unmarried, overweight, khat chewing, those with low intake of fruit and/or vegetable, those who did not take coffee, coffee leaf and/or tea, and from higher wealth index households. The odds of being hypertensive among the age group of 35--45, 45--54 and 55--64 years were 1.39 (95%CI: 1.05--1.84), 1.68 (95%CI: 1.26--2.23) and 2.67 (95%CI: 2.01--3.56), respectively and these age groups were significantly higher compared to 25--34 years. Married participants were less likely (AOR 0.66, 95%CI: 0.51--0.85) to develop hypertension compared to unmarried. Concerning wealth index of the participants' household, as the wealth status goes to a higher level \[3^rd^ quintile (AOR 1.86, 95%CI: 1.33--2.59), 4^th^ quintile (AOR 2.68, 95%CI: 1.91--3.75), and 5^th^ quintile (AOR 2.97, 95%CI: 2.08--4.25)\], the odds of developing hypertension increased compared to the 1^st^ quintile. The likelihood of hypertension was higher among overweight (AOR 1.44, 95%CI: 1.02--2.02) compared to underweight participants. The odds of being hypertensive among participants who chew khat was 3.31 times (95%CI: 1.95--5.62) more likely as compared to those who did not. Consumption of low fruit and/or vegetable were 1.27 (95%CI: 1.05--1.53) times more likely to develop hypertension. The odds of being hypertensive was increased by 52% among participants who did not consume coffee, coffee leaf and/or tea (AOR 1.52, 95%CI: 1.03--2.24) as compared to those who consume coffee only ([Table 3](#pone.0237333.t003){ref-type="table"}).

10.1371/journal.pone.0237333.t003

###### Multiple logistic regression analysis of determinants of hypertension among study participants.

![](pone.0237333.t003){#pone.0237333.t003g}

  Variables                       Categories                                                                           COR                                           AOR
  ------------------------------- ------------------------------------------------------------------------------------ --------------------------------------------- ------------
  Age group                       25--34                                                                               Reference                                     
  35--44                          1.06                                                                                 1.39[\*](#t003fn001){ref-type="table-fn"}     1.05--1.84
  45--54                          1.23                                                                                 1.68[\*\*](#t003fn002){ref-type="table-fn"}   1.26--2.23
  55--64                          1.79[\*\*](#t003fn002){ref-type="table-fn"}                                          2.67[\*\*](#t003fn002){ref-type="table-fn"}   2.01--3.56
  Residency                       Rural                                                                                Reference                                      
  Urban                           1.68[\*\*](#t003fn002){ref-type="table-fn"}[\*\*](#t003fn002){ref-type="table-fn"}   1.11                                          0.87--1.43
  Marital status                  Unmarried                                                                            Reference                                     
  Married                         0.47[\*\*](#t003fn002){ref-type="table-fn"}                                          0.66[\*\*](#t003fn002){ref-type="table-fn"}   0.51--0.85
  Educational status              No formal                                                                            Reference                                     
  Primary school                  1.22                                                                                 0.92                                          0.72--1.17
  Secondary & above               1.48[\*](#t003fn001){ref-type="table-fn"}                                            1.00                                          0.69--1.46
  Wealth Index                    The poorest                                                                          Reference                                     
  2^nd^ quantile                  1.34                                                                                 1.38                                          0.98--1.93
  Middle quantile                 1.83[\*\*](#t003fn002){ref-type="table-fn"}                                          1.86[\*\*](#t003fn002){ref-type="table-fn"}   1.33--2.59
  4^th^ quantile                  2.83[\*\*](#t003fn002){ref-type="table-fn"}                                          2.68[\*\*](#t003fn002){ref-type="table-fn"}   1.91--3.75
  The richest                     3.18[\*\*](#t003fn002){ref-type="table-fn"}                                          2.97[\*\*](#t003fn002){ref-type="table-fn"}   2.08--4.25
  BMI                             Underweight                                                                          Reference                                     
  Normal                          0.68[\*\*](#t003fn002){ref-type="table-fn"}                                          0.80                                          0.61--1.04
  Overweight                      1.55[\*\*](#t003fn002){ref-type="table-fn"}                                          1.44[\*](#t003fn001){ref-type="table-fn"}     1.02--2.02
  Physical activity level         Low                                                                                  Reference                                     
  Moderate                        0.89                                                                                 0.88                                          0.64--1.20
  High                            0.79[\*](#t003fn001){ref-type="table-fn"}                                            0.90                                          0.73--1.12
  Mental stress level             Mild                                                                                 Reference                                     
  Moderate                        1.08                                                                                 1.11                                          0.91--1.36
  Sever                           1.42                                                                                 1.30                                          0.84--1.99
  Fruit & vegetable consumption   More than 5 serving                                                                  Reference                                     
  Less than 5 serving             1.5[\*\*](#t003fn002){ref-type="table-fn"}                                           1.27[\*](#t003fn001){ref-type="table-fn"}     1.05--1.53
  Frequency of meat consumption   1--4 times per week                                                                  Reference                                     
  1--3 times per month            0.98                                                                                 0.86                                          0.52--1.43
  1--4 time per year              0.74                                                                                 0.83                                          0.52--1.31
  Never                           1.28                                                                                 1.11                                          0.66--1.85
  Coffee and tea consumption      Coffee only                                                                          Reference                                     
  Coffee & leaf tea               0.81                                                                                 1.02                                          0.74--1.40
  Coffee & coffee leaf            0.75                                                                                 0.74                                          0.43--1.29
  None                            1.15                                                                                 1.52[\*](#t003fn001){ref-type="table-fn"}     1.03--2.24
  Khat chewing                    No                                                                                   Reference                                     
  Yes                             3.94[\*\*](#t003fn002){ref-type="table-fn"}                                          3.31[\*\*](#t003fn002){ref-type="table-fn"}   1.95--5.62

\* p-value \<0.05

\*\* p-value \<0.01; AOR: adjusted odds ratio; BMI: Body mass index; CI: confidence interval; COR: crude odds ratio.

Discussion {#sec016}
==========

The prevalence of hypertension among the study participants was 18.92%. Community-based studies conducted among adult Ethiopians showed that the prevalence of hypertension was from 16.0--28.3% \[[@pone.0237333.ref016],[@pone.0237333.ref022]--[@pone.0237333.ref027]\]. Most of the studies conducted in the Ethiopian adult population had a similar prevalence of hypertension with this finding \[[@pone.0237333.ref016],[@pone.0237333.ref023],[@pone.0237333.ref024],[@pone.0237333.ref026]\]. However, studies conducted predominantly on urban population and study subjects age 35 years and more have reported a higher prevalence of hypertension. For instance, the prevalence of hypertension among the population at Dire Dawa City, Eastern Ethiopia (24.43%), Bedele Town, Southwest Ethiopia (24.8%) and Gondar, Northwest Ethiopia (28.3%) showed a higher prevalence than this study \[[@pone.0237333.ref025],[@pone.0237333.ref027],[@pone.0237333.ref028]\]. The finding of a meta-analysis by Kibret & Mesfin showed that the prevalence of hypertension in Ethiopia was 19.6% \[[@pone.0237333.ref029]\], which is similar to this study's finding. But the WHO global status report on NCDs in 2014 indicated that the raised blood pressure among Ethiopians were 24.0% \[[@pone.0237333.ref012]\].

In this study, the odds of hypertension increased among the older age groups. This finding is consistent with most of the studies conducted in Ethiopia and elsewhere \[[@pone.0237333.ref016],[@pone.0237333.ref022],[@pone.0237333.ref025]--[@pone.0237333.ref027]\]. Aging and hypertension are related to changes in arterial and arteriolar stiffness, which lead to the development of hypertension \[[@pone.0237333.ref030],[@pone.0237333.ref031]\].

This report found that the odds of hypertension reduced among married adults. Similar to this finding, a study conducted among adult Iranians showed that the risk of hypertension increases among those who never married \[[@pone.0237333.ref032]\]. Previous studies indicated possible explanations for the effect of marital status on hypertension. Adherence to physical activity, diet, better sleep, moods, lower self-rated symptoms, less stress and low night-time systolic blood pressure were more common among married couples. That might have an effect on reduced odds of hypertension among married couples \[[@pone.0237333.ref033],[@pone.0237333.ref034]\]. Contrarily, a population and health survey among Ghana women showed that the likelihood of hypertension decreased among those who never married \[[@pone.0237333.ref035]\].

This report showed that the likelihood of developing hypertension increases among individuals from a wealthy household. A study conducted among low-income Mexican women indicated that systolic blood pressure significantly increases among those from higher-income, good housing, and asset index households \[[@pone.0237333.ref036]\]. Similarly, studies conducted in Kenya, Sudan and Ghana showed a significantly higher risk of hypertension among higher asset index households \[[@pone.0237333.ref037]--[@pone.0237333.ref039]\]. This relationship was also identified in studies conducted in middle-income countries like Serbia and India \[[@pone.0237333.ref040],[@pone.0237333.ref041]\]. In developing countries, there is a nutritional transition that incorporates changes in the composition of diets richer in calories, salt, sugar, and saturated fats largely from animal sources, which showed the change in habitual diet \[[@pone.0237333.ref042],[@pone.0237333.ref043]\]. In countries like Ethiopia, the cost of food richer in calories especially animal diet is higher and easily accessible for richer families mainly \[[@pone.0237333.ref044]\]. That may contribute to the higher odds of hypertension among rich individuals. Contrary to this finding, a longitudinal cohort study among African Americans showed that the odds of hypertension lower among rich individuals \[[@pone.0237333.ref045]\]. A meta-analysis on socioeconomic status and hypertension indicate similar finding, which was an increase in the odds of hypertension among low socio-economic status. On further analysis, the relationship is consistent with that of some high-income countries (countries from USA/Canada and Europe) but inverse for some Africa countries \[[@pone.0237333.ref046]\]. In general, studies from LMICs showed the likelihood of hypertension increase among individuals with high socio-economic status whereas, for those from high-income countries, the relationship is the inverse.

The likelihood of hypertension is higher among overweight adults in this study. Different studies support the relationship between BMI and increased blood pressure and/or hypertension \[[@pone.0237333.ref022],[@pone.0237333.ref025],[@pone.0237333.ref026],[@pone.0237333.ref047],[@pone.0237333.ref048]\]. Further, a report by Doll *et al* from different countries showed that BMI is associated with increased blood pressure independent of age. Such finding is similar across developed and developing countries. The finding by Doll *et al* also further indicated the association between increased blood pressure and BMI is independent of body fat distribution \[[@pone.0237333.ref049]\].

Diet plays a significant role in the prevention of the incidence of hypertension. Increased fruit and vegetable consumption are the major components of the dietary factor for the prevention of hypertension \[[@pone.0237333.ref016],[@pone.0237333.ref050]--[@pone.0237333.ref053]\]. This study also revealed that the increased consumption of fruit and vegetable reduced the likelihood of hypertension among the study participants. Similarly, meta-analysis reports showed that increasing the consumption of fruit and vegetables prevented the risk of developing hypertension \[[@pone.0237333.ref054],[@pone.0237333.ref055]\].

Khat (*Catha edulis)* is a chewable fresh-leave used as stimulant commonly in East Africa. It contains amphetamine-like stimulatory, which is a closely similar effect with cathinone \[[@pone.0237333.ref056],[@pone.0237333.ref057]\]. In this report, the odds of hypertension increase among those who chew Khat. Studies conducted on the effect of Khat on hypertension also showed a similar association with this finding \[[@pone.0237333.ref058]--[@pone.0237333.ref060]\].

This report indicated that those who did not drink coffee or tea were at increased risk of developing hypertension. Different studies reported different findings of coffee and hypertension. Some of the studies concluded that moderate consumption of coffee is associated with an increase in the incidence of hypertension \[[@pone.0237333.ref061]\]. Other studies also showed a relationship between coffee intake and high blood pressure \[[@pone.0237333.ref062]--[@pone.0237333.ref064]\]. A report by Uiterwaal *et al*. indicated that there are no associations between the change of coffee intake and blood pressure \[[@pone.0237333.ref065]\]. Other findings indicated that low (less than one cup/week) or high (more than two cups/day) intake of coffee, not moderate, is associated with reduced risk of hypertension \[[@pone.0237333.ref061]\]. Some of the above-mentioned conclusions support a common recommendation by health care professionals to reduce or stop the consumption of coffee.

Some of the behaviors might vary seasonally (e.g., dietary intake) which may not be representative for whole year. In addition, the investigation does not capture the effect of some behavioral modification after the development of hypertension such as reduction in coffee consumption.

Conclusions {#sec017}
===========

Nearly one out of five-adults developed hypertension in this population. This shows that the rural residents of Ethiopian population, like that of emerging economies elsewhere, are transitioning from infectious illness to chronic disease burden. Advance age, overweight, unmarried, khat chewing, low fruit and/or vegetable consumption, not taking coffee or tea and being from rich households are increasing the odds of having hypertension. As hypertension is one of the silent killers, it is advisable to develop a system for enabling early detection and monitoring in those with advanced age and overweight individuals. In addition, preventive measures of hypertension need to incorporate stopping khat chewing and reducing overweight and promoting fruit and/or vegetable consumption.

Supporting information {#sec018}
======================
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(CSV)
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Click here for additional data file.
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2\. Has the statistical analysis been performed appropriately and rigorously?
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: In the present manuscript the authors analyse the prevalence of arterial hypertension among adults residing in HDSS (Ethiopia). The prevalence was investigated in 3368 adults. The study has several limitations that must be addressed.

1\. I suggest to use therm arterial hypertension instead of hypertension.

2\. I think Country (Ethiopia) may be mentioned in the tittle of manuscript and abstract.

3\. Perhaps hypertension is the leading risk factor for mortality, not leading risk\...

4\. In line 147: 44.8 (1107). Perhaps it should be 44.8 (11.07). Please check.

5\. There are no p value in table 1 and 2.

6\. There are no abbreviations under table 2 and 3.

7\. In line 174: it's enough to write p=0.859.

Reviewer \#2: This paper addresses a major public health concern across the globe and will make an important contribution to the literature in this research area. However, before this paper can be deemed publishable, authors would have to address the following key concerns provided by sections of the paper.

Title:

Okay

Abstract

This section is quite okay. However, authors should avoid reporting odds ratios as prevalence as stated in the last sentence of the Results sub-section. Also, authors should provide the AORs for the older age and the higher wealth index as they did for the other variables.

Introduction

While this section is quite okay, there are some few issues authors need to address.

The sentence in lines 42 and 43 needs to be revised as this is not clear; particularly "the leading cause of premature age-standardized mortality rates".

The 2001 statistics provided by the authors in lines 53-55 appear outdated. Authors should provide more recent figures, say 2015, as they did for the subsequent sentence in lines 55-56.

The sentence on line 60 needs to be revised for clarity and correctness.

Materials and Methods

In lines 66-71, while the authors did well by describing the geography of the study setting, it will be beneficial for them to also provide a few demographic descriptions, particularly the estimated population size of the study area.

In lines 86-88, it is not clear how the authors used Stata to randomly select participants from each stratum. Authors should be able to describe this process was done.

Lines 104-105. This sentence should be revised into a better form.

Authors did not describe all their variables of interest. It is more appropriate for authors to provide a separate sub-section to describe their outcome and predictor variables and their measurements.

For convenience, authors should consider labelling BMI as underweight (\<18.0kg/m2), normal (18.0--24.9kg/m2), and overweight (≥25kg/m2) instead of the real measurements.

Authors stated that they used a p-value of 0.25 for the bivariate analysis but used 0.05 for the multivariate analysis. We know 0.25 is 75% while 0.055 is 95% CI. Authors should explain why they used these two different standards.

Authors have stated that they have assessed multicollinearity using variable inflation factors. Authors should provide the resultant VIF value like they did for the Hosmer and Lemeshow goodness of fit test.

Results

The presentation is generally okay but there are a few issues that need to be addressed.

In line 152, authors should rather say "more than one out of ten" instead of saying "nearly one out of ten".

In line 155, authors seem to want to say, "fresh food" instead of "flesh food". Also, there appear to be no fresh food in Table 2 as stated by the authors.

Authors should avoid using prevalence in the multivariate analysis section as can be found in line 155.

In line 182, authors should use "age groups" instead of "groups of age".

In line 184, authors should delete the "to" in the "concerning to".

Lines 187, 236, 277: Authors should avoid using "probability" and "prevalence" as they worked with only odds ratios.

For easy visibility and convenience, authors should use asterisks (\*) to indicate the significant values in Table 3.

Discussion

In line 203 and 204, revise the sentence. Use "have reported" instead of "were reported".

Authors should revise the sentence in lines 207 and 208 as there is something wrong with it.

Line 209: Ethiopians instead of Ethiopian.

Lines 210, 214, 230, 231, 233, 239, 254: Avoid prevalence here. Odds, chances, and likelihood are examples author may use.

Line 215: Iranians instead of Iranian.

Line 216, 217-218: Those who never married, not those never married.

Line 218 and others; Authors should explain the possible (speculative) reasons for their findings. For example, why would married women have low hypertension as found in your study? This should be done for the significant variables discussed in this section. Where this is not obvious, authors could briefly explain what could have led to this finding?

Line: 264: Reduced risk instead of reduced the risk.

Lines 266-267: Authors should either state and explain these factors or delete this statement as it appears incomplete and needless.

Lines 268-271: Authors should revise these sentences very well as they appear to be incomplete and unclear.

Conclusion

Lines 273-275: Authors should adequately revise this sentence as it is unclear.

General comments

While the paper has addressed an important public health issue and will contribute to the literature, it is noteworthy that the paper is also laden with some grammatical and diction challenges that have constrained the quality and flow of the paper. These are mainly found in the introduction and the discussion sections. Hence, this paper should be adequately proofread and revised accordingly before it be publishable.
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**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]
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The reviewer gave important comments. We modify based on the comment given. In addition, we attached document with trace changes and the revised.

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and

<https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response:- Corrected according to the guideline

2\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

Response:- We are decided to upload the dataset with the document

3\. Your ethics statement must appear in the Methods section of your manuscript. If your ethics statement is written in any section besides the Methods, please move it to the Methods section and delete it from any other section. Please also ensure that your ethics statement is included in your manuscript, as the ethics section of your online submission will not be published alongside your manuscript.

Response:- Correction made according to the suggestion

4\. We note you have included a table to which you do not refer in the text of your manuscript. Please ensure that you refer to Table 3 in your text; if accepted, production will need this reference to link the reader to the Table.

Response:- Correction made according to the suggestion

Review Comments to the Author

Reviewer \#1:

In the present manuscript the authors analyse the prevalence of arterial hypertension among adults residing in HDSS (Ethiopia). The prevalence was investigated in 3368 adults. The study has several limitations that must be addressed.

1\. I suggest to use therm arterial hypertension instead of hypertension.

Response:- It is correct that we measured the arterial hypertension. But commonly description about hypertension related issues is about the arterial hypertension unless otherwise specified like pulmonary, portal etc. That is why we decided to use 'hypertension'.

2\. I think Country (Ethiopia) may be mentioned in the tittle of manuscript and abstract.

Response:- We noted that and made the correction

3\. Perhaps hypertension is the leading risk factor for mortality, not leading risk\...

Response:- Noted and made the correction

4\. In line 147: 44.8 (1107). Perhaps it should be 44.8 (11.07). Please check.

Response:- Noted and made the correction

5\. There are no p value in table 1 and 2.

Response:- On table 1 and 2, we only reported the descriptive information. That is why we do not include the p-value. Both the bivariate and multiple logistic regressions analysis is reported in table 3.

6\. There are no abbreviations under table 2 and 3.

Response:- Noted and made the correction

7\. In line 174: it's enough to write p=0.859.

Response:- Noted and made the correction

Reviewer \#2:

This paper addresses a major public health concern across the globe and will make an important contribution to the literature in this research area. However, before this paper can be deemed publishable, authors would have to address the following key concerns provided by sections of the paper.

Title:

Okay

Abstract

This section is quite okay. However, authors should avoid reporting odds ratios as prevalence as stated in the last sentence of the Results sub-section. Also, authors should provide the AORs for the older age and the higher wealth index as they did for the other variables.

Response:- Based on the comment, we corrected the statements.

Introduction

While this section is quite okay, there are some few issues authors need to address.

The sentence in lines 42 and 43 needs to be revised as this is not clear; particularly "the leading cause of premature age-standardized mortality rates".

Response:- Yes there was error and we corrected it.

The 2001 statistics provided by the authors in lines 53-55 appear outdated. Authors should provide more recent figures, say 2015, as they did for the subsequent sentence in lines 55-56.

Response:- We used 2001 data-based report and know we corrected it.

The sentence on line 60 needs to be revised for clarity and correctness.

Response:- Based on the comment, we corrected the statements.

Materials and Methods

In lines 66-71, while the authors did well by describing the geography of the study setting, it will be beneficial for them to also provide a few demographic descriptions, particularly the estimated population size of the study area.

Response:- Based on the suggestion, we included the population of the HDSS.

In lines 86-88, it is not clear how the authors used Stata to randomly select participants from each stratum. Authors should be able to describe this process was done.

Response:- Arba Minch HDSS is a surveillance site where all the list of individuals in the site are registered with a unique identification (for both the individuals and house). So, we got this list and developed a sampling frame. Here we had 8 sampling frames (for each age group and sex categories). Using STATA software, we randomly selected the study subjects (individuals).

Lines 104-105. This sentence should be revised into a better form.

Response:- Based on the suggestion, we corrected

Authors did not describe all their variables of interest. It is more appropriate for authors to provide a separate sub-section to describe their outcome and predictor variables and their measurements. For convenience, authors should consider labelling BMI as underweight (\<18.0kg/m2), normal (18.0--24.9kg/m2), and overweight (≥25kg/m2) instead of the real measurements.

Response:- Under Data collection instruments subsection of the methods, we described the method we followed for the measurement of the variable. And we indicated the methods we follow for generating new variables (based on the collected data) for analysis. Of course, some of the variable were missed and know we make the modification based on your recommendation.

Authors stated that they used a p-value of 0.25 for the bivariate analysis but used 0.05 for the multivariate analysis. We know 0.25 is 75% while 0.055 is 95% CI. Authors should explain why they used these two different standards.

Response:- We did not decide whether there is association between outcome and predictors based on the p-value less than 0.25. This cut-off point (p-value less than 0.25) is used only to consider the predictor variable as a part for multivariate analysis. To define a variable (for both bivariate and multivariate analysis) as identified predictor for the outcome variable, we consider p-value less than 0.05 for both bivariate and multiple logistic regressions analysis.

Authors have stated that they have assessed multicollinearity using variable inflation factors. Authors should provide the resultant VIF value like they did for the Hosmer and Lemeshow goodness of fit test.

Response:- We corrected by including the maximum VIF value

Results

The presentation is generally okay but there are a few issues that need to be addressed.

In line 152, authors should rather say "more than one out of ten" instead of saying "nearly one out of ten".

Response:- Based on the comment, we corrected it.

In line 155, authors seem to want to say, "fresh food" instead of "flesh food". Also, there appear to be no fresh food in Table 2 as stated by the authors.

Response:- We were explaining about meet consumption by says 'flesh'. Now we changed to meet.

Authors should avoid using prevalence in the multivariate analysis section as can be found in line 155.

Response:- We corrected throughout the document

In line 182, authors should use "age groups" instead of "groups of age".

Response:- Based on the comment, we corrected it.

In line 184, authors should delete the "to" in the "concerning to".

Response:- Based on the comment, we corrected it.

Lines 187, 236, 277: Authors should avoid using "probability" and "prevalence" as they worked with only odds ratios.

Response:- We corrected throughout the document

For easy visibility and convenience, authors should use asterisks (\*) to indicate the significant values in Table 3.

Response:- Based on the comment, we corrected it.

Discussion

In line 203 and 204, revise the sentence. Use "have reported" instead of "were reported".

Authors should revise the sentence in lines 207 and 208 as there is something wrong with it.

Response:- Based on the comment, we corrected it.

Line 209: Ethiopians instead of Ethiopian.

Response:- Based on the comment, we corrected it.

Lines 210, 214, 230, 231, 233, 239, 254: Avoid prevalence here. Odds, chances, and likelihood are examples author may use.

Response:- We corrected throughout the document

Line 215: Iranians instead of Iranian.

Response:- Based on the comment, we corrected it.

Line 216, 217-218: Those who never married, not those never married.

Response:- Based on the comment, we corrected it.

Line 218 and others; Authors should explain the possible (speculative) reasons for their findings. For example, why would married women have low hypertension as found in your study? This should be done for the significant variables discussed in this section. Where this is not obvious, authors could briefly explain what could have led to this finding?

Response:- Based on the comment, we corrected it.

Line: 264: Reduced risk instead of reduced the risk.

Response:- Based on the comment, we corrected it.

Lines 266-267: Authors should either state and explain these factors or delete this statement as it appears incomplete and needless.

Response:- Based on the comment, we corrected it.

Lines 268-271: Authors should revise these sentences very well as they appear to be incomplete and unclear.

Response:- Based on the comment, we corrected it.

Conclusion

Lines 273-275: Authors should adequately revise this sentence as it is unclear.

Response:- Based on the comment, we corrected it.

General comments

While the paper has addressed an important public health issue and will contribute to the literature, it is noteworthy that the paper is also laden with some grammatical and diction challenges that have constrained the quality and flow of the paper. These are mainly found in the introduction and the discussion sections. Hence, this paper should be adequately proofread and revised accordingly before it be publishable.
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**Reviewer 1**

1\. Comment 3: Authors did not address this comment as they stated (see Line 57 of track changes) and should be addressed.

**Reviewer 2**

Introduction

2\. Little has been done by authors to make the statement: "the leading cause of premature age-standardized mortality rates" (lines 42 and 43 of original version) meaningfully clear. Authors should recast this statement to make it clearer.

3\. Authors have addressed the comment of the reviewer (originally line 60); however, the second statement still appears incomplete (Lines 66-68) and should be revised to make it complete. 

Materials and Methods

4\. Authors have provided the recommended information regarding lines 66-71, but have to provide citation for such report.

5\. Authors provided a cogent explanation to the comment regarding the sampling procedure (Lines 86-88) but authors should incorporate it in the manuscript for readers to clearly understand.

6\. Authors did not fully address this comment regarding the description of the variable of interest. Also, the BMI categories such as underweight, normal and overweight appear only in the methods section but did not reflect in the tables and the analysis. These should be addressed by the authors

Discussion

7\. The second comment (lines 207-208) has not been addressed as stated by the authors in their response  letter.  Authors are invited to address this. 

General comments

8\. Authors did not respond to the comment as to whether they have proofread and revised the manuscript to make it publishable. I invite authors  to address this issue.
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Journal Requirements:

Authors have effectively addressed the majority of the reviewer and editorial comments. However, there still remain a few important issues to be addressed.

Requirement 1: a) Authors byline and contributorship were not fully provided on the cover page (See cover page format). b) Authors level 2 headings do not abide by the "bold and font" format of the journal. c) The format style of the journal requires that authors provide unstructured abstract.

Response� We corrected according to the Journals requirement

Requirement 2: Authors have stated that they decided to upload the data set with the manuscript. However, this cannot be found.

Response� We uploaded the minimum dataset.

Reviewers\' comments and evaluation:

Reviewer 1

1\. Comment 3: Authors did not address this comment as they stated (see Line 57 of track changes) and should be addressed.

Response: Thank you for the comment. We noted that and corrected it.

Reviewer 2

Introduction

2\. Little has been done by authors to make the statement: "the leading cause of premature age-standardized mortality rates" (lines 42 and 43 of original version) meaningfully clear. Authors should recast this statement to make it clearer.

Response: Thank you for the comments. Yes, we noted that and correct

3\. Authors have addressed the comment of the reviewer (originally line 60); however, the second statement still appears incomplete (Lines 66-68) and should be revised to make it complete.

Response: Yes, we noted that and correct

Materials and Methods

4\. Authors have provided the recommended information regarding lines 66-71, but have to provide citation for such report.

Response: We get from the database of the Arba Minch HDSS. We got the data while during the sampling frame. But we also included the district's projected population of 2017, which have also reference.

5\. Authors provided a cogent explanation to the comment regarding the sampling procedure (Lines 86-88) but authors should incorporate it in the manuscript for readers to clearly understand.

Response: Noted and made some correction.

6\. Authors did not fully address this comment regarding the description of the variable of interest. Also, the BMI categories such as underweight, normal and overweight appear only in the methods section but did not reflect in the tables and the analysis. These should be addressed by the authors

Response: Regarding BMI cut-off points, the data were categorized with the cutoff of this one (18.5). The sub-title is incorporated.

Discussion

7\. The second comment (lines 207-208) has not been addressed as stated by the authors in their response letter. Authors are invited to address this.

Response: - Based on the comment, we corrected it.

General comments

8\. Authors did not respond to the comment as to whether they have proofread and revised the manuscript to make it publishable. I invite authors to address this issue.

Response: - Yes, we read the whole documents and corrected identified errors.

The reviewer gave important comments. We modify based on the comment given. In addition, we attached document with trace changes and the revised.

###### 

Submitted filename: Response to Reviewers.odt

###### 

Click here for additional data file.

10.1371/journal.pone.0237333.r005

Decision Letter 2

Nyarko

Samuel H.

Guest Editor

© 2020 Samuel H. Nyarko

2020

Samuel H. Nyarko

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

7 Jul 2020

PONE-D-20-02687R2

Prevalence of hypertension and associated factors among adult residents in Arba Minch Health and Demographic Surveillance Site, Southern Ethiopia.

PLOS ONE

Dear Mr. Gutema, 

Thank you for submitting your manuscript to PLOS ONE. I participated as a reviewer for the initial evaluation of this manuscript and after careful consideration of your revision, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process. 

Please submit your revised manuscript by July 9, 2020. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Samuel H. Nyarko, Ph.D.

Academic Editor

PLOS ONE

Editor comments:

Authors have effectively addressed virtually all the comments. However, a few important issues remain to be addressed.

Introduction

Sentence in Lines 65-66 appears to be a repetition of that in Lines 50-51. Authors should delete sentence in lines 65-66: In Ethiopia, hypertension was one of the leading causes of age standardized death rates in 2015.

Tables

Authors should replace the figures with the BMI categories such as underweight, normal and overweight as provided in the methods and the results sections to ensure consistency and easy reference.

Discussion

Lines 257: Ethiopia, not Ethiopian.

Lines 287-289 should read: On further analysis, the relationship is consistent with that of some high-income countries (countries from USA/Canada and Europe) but inverse for some African countries.

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Editor comments:

Authors have effectively addressed virtually all the comments. However, a few important issues remain to be addressed.

Introduction

Sentence in Lines 65-66 appears to be a repetition of that in Lines 50-51. Authors should delete sentence in lines 65-66: In Ethiopia, hypertension was one of the leading causes of age standardized death rates in 2015.

� Response� Done according to the recommendation

Tables

Authors should replace the figures with the BMI categories such as underweight, normal and overweight as provided in the methods and the results sections to ensure consistency and easy reference.

� Response� Done according to the recommendation

Discussion

Lines 257: Ethiopia, not Ethiopian.

� Response� Done according to the recommendation

Lines 287-289 should read: On further analysis, the relationship is consistent with that of some high-income countries (countries from USA/Canada and Europe) but inverse for some African countries.

� Response� Done according to the recommendation

Thank you for your comment. We modify based on the comment given. In addition, we attached document with trace changes and the revised.
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Click here for additional data file.
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Dear Mr. Gutema,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Samuel H. Nyarko, Ph.D

Guest Editor

PLOS ONE
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Dear Dr. Gutema:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Samuel H. Nyarko

Guest Editor

PLOS ONE
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